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Description
FIELD OF INVENTION

[0001] This invention relates to the field of metalorganic compounds and the synthesis thereof.

[0002] Numerous processes for preparing polyhedral oligo silsesquioxanes metal or metalloid compounds hereinafter
also "metal POSS" compounds are known in the prior art.

[0003] Buys et al. (J. Mol. Catalysis, 86, 1994, 309 - 318) describe an amine-assisted metathesis to produce metal-
lasilisesquioxanes based on the general formula (CgH4)7Si;04,M(CsH5s) (with M = Ti, Zr and Hf) by the addition of metal
halides such as (C5Hsg)TiCl; to a trisilanol silsesquioxane ((CgH41)7Si7Oo(OH)3).

[0004] Itiswellknown inthe literature thatPOSS can be obtained from the hydrolytic condensation of silane compounds
having the general formula RSiCl; (cf. F.J. Feher, D. N. Newman and J.F. Walzer, J. Am.Chem.Soc.1989, M. G. Voronkov
and V. |. Lavrent’yev, Top. Curr. Chem. 1982, 102, 199, F.J. Feher and Z. A. Budzinchowski, J. Organomet. Chem.
1989, 373, 153.) However these reaction sequences are laborious, including time consuming work-up procedures, or
result in mixtures of POSS and/or metal POSS compounds.

[0005] US 6,972,312 reported a route to R;Si;Og(OH)5 utilizing base catalysed polycondensation to convert polymeric
silsesquioxanes or siloxanes into POSS structures such as R;Si;Oq(OH); selectively. Nethertheless neutralization with
aqueous acid, such as hydrochloric acid and filtration followed by further extraction steps were necessary to isolate
R;Si;Og¢(OH),, which can be processed in a separate step with metal complexes to result into the desired Metal POSS.
[0006] Feheretal.(Polyhedron 1995, pp. 3239 - 3253) report multistage syntheses, resulting in metallasilsesquioxanes
utilizing R;7Si;Og(OH)5. These POSS compounds are converted with various metal complexes like O=VClj, CpTiCls,
CrCl3(NMej),. Such complex processes are fault-prone as well as time consuming.

[0007] Historically the substitution pattern of polyhedral oligo silsesquioxanes (POSS) was strictly limited to hydro-
phobic alkyl or cycloalkyl groups such as cyclohexyl, cyclopentyl or cycloheptyl (see M. G. Voronkov and V. I. Lavrent'yev,
Top. Curr. Chem. 1982, 102, 199). Today the steric parameters for the side chain R of the respective silane precursors
as well as the reaction conditions can be adjusted to widen the scope of the possible substitution patterns of metallasi-
Isesquioxanes. This affords a flexible and adjustable synthesis.

[0008] Therefore one objective of the present invention is to provide an optimized process for the production of met-
allasilsesquioxanes, in particular to overcome at least one disadvantage of the processes described in the prior art.
[0009] One further particular objective is to allow a safe production of metallasilsesquioxanes, which also preferably
is less complex.

SUMMARY OF THE INVENTION
[0010] These objectives are solved by a process for the synthesis of a metallasilsesquioxane comprising the steps of:

(a) preparing a composition (hereinafter also referred to as "reaction mixture") containing at least one silane com-
pound having the general formula R1SiX; with X being independently a halide, OR2 or NR3R#; and R', RZ, R3 and
R4 are each independently hydrogen, alkyl, cycloalkyl, alkenyl, alkynyl, aryl or heteroaryl, and at least one base,
and (b) adding to said composition at least one compound comprising at least one transition metal, main group
metal or metalloid and a counterion (hereinafter also referred to as "metal compound"). The counterion can be
preferably selected from the group of alkoxides, halides, oxides or combinations thereof.

[0011] Incontrasttothe prior artthe presentinvention teaches a process, preferably a one-pot process, for the synthesis
of metallasilsesquioxanes utilizing base catalysed polycondensation of readily available silanes as starting materials to
afford metallasilsesquioxanes. This process therefore allows a less complex, recource-saving and safe production of
metallasilsesquioxanes

[0012] Surprisingly it was found that the process of the present invention comprising the steps (a) and (b) can be
carried out as a one-pot process. It was found that no separation or extraction of any silane intermediates, in particular
silsesquioxane trisilanol compounds such as R;Si;Og(OH);, is necessary to afford metallasilsesquioxanes. Therefore
a sustainable and time saving process is provided.

[0013] In a particular preferred embodiment of the invention no separation or extraction of any intermediates is nec-
essary to afford metallasilsesquioxanes.

[0014] The silane as a starting material can be added to any base and any solvent. This allows to encompass a
process, tolerable towards many different substitution patterns and preferably provides a broad variety of the resulting
metallasilsesquioxanes.

[0015] Preferably the silane is added to any base and at least one polar solvent. Generally step (a) of the present
invention can be conducted with any polar solvent, but in a particularly preferred embodiment, at least one polar solvent
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is water.

[0016] In this context it has surprisingly been found that the amount of water, present in the composition of step (a),
can play a vital role for a particularly efficient synthesis of the resulting metallasilsesquioxanes. Therefore in a preferred
embodiment the composition of step (a) of the present invention is prepared with a molar ratio of R1SiX; to base and
water of 3-8:1-7:0.5-10 equivalents per mole of the metal compound, preferably of 5-7 :2-5:1 - 8 equivalents
per mole of the metal compound, most preferably with 5 -6 : 3 -4 : 1 - 7 equivalents per mole of the metal compound.
[0017] In a most preferred embodiment the composition of step (a) is prepared with a molar ratio of R1SiX; to base
and water of 5-6 : 3 -4 : 5 - 6 equivalents per mole of the metal compound.

DETAILED DESCRIPTION OF THE INVENTION

[0018] The process for the synthesis of a metallasilsesquioxane comprises the steps of (a) preparing a composition
containing at least one silane compound having the general formula R1SiX; with X being independently a halide, OR2
or NR3R4; and R, R2, R3 and R# are each independently hydrogen, alkyl, cycloalkyl, alkenyl, alkynyl, aryl or heteroaryl,
and at least one base, and (b) adding to said composition at least one metal compound, preferably selected from the
group of alkoxides, halides, oxides or combinations thereof.

[0019] In a preferred embodiment the reaction of step (a) involves a silane having the formula RSi(OR2), with R' and
R2 being independently hydrogen, alkyl, cycloalkyl, alkenyl, alkynyl, aryl or heteroaryl; preferably R' and R2 are inde-
pendently alkyl or aryl, most preferably methyl, ethyl, iso-propyl, iso-butyl, hexyl, octyl or phenyl.

[0020] Suitable representatives of R are most preferably selected from the group consisting of iso-propyl, iso-butyl,
hexyl, octyl, phenyl or a combination thereof.

[0021] R2is most preferably selected from the group consisting of methyl, ethyl, propyl, butyl or a combination thereof.
[0022] In a most preferred embodiment the silane, having the formula R1Si(OR?2),, is iso-propyltrimethoxysilane, iso-
propyltriethoxysilane iso-butyltrimethoxysilane (IBTMO), iso-butyltriethoxysilane, hexyltrimethoxysilane, hexyltriethox-
ysilane, octyltrimethoxysilane, octyltriethoxysilane, phenyltrimethoxysilane or phenyltriethoxysilane, most preferred are
iso-butyltrimethoxysilane (IBTMO) or octyltrimethoxysilane.

[0023] In a preferred embodiment a solvent can be added to the composition of step (a).

[0024] The solvent can be added to the silane before the base is added, when conducting step (a).

[0025] In a more preferred embodiment the silane is added to a solution comprising the base and the solvent.
[0026] Generally any solvent can be utilised during the preparation of the composition in step (a). In a preferred
embodiment step (a) is conducted with polar sovents, even more preferred is the addition of polar protic solvents during
step (a) of the present invention, most preferred polar protic solvents are particularly water, ethanol or a combination
thereof.

[0027] Suitable representatives of polar solvents can be selected from the group consisting of water, alkanols, iso-
alkanols, ketones, carboxylic acids, dihalomethanes, alkyl ethers, alkyl nitriles, sulfoxides, alkyl formamides, phenols or
combinations thereof. More preferred representatives are selected from the group consisting of water, alkanols, iso-
alkanols, carboxylic acids or combinations thereof, even more preferred representatives are selected from the group
consisting of water, ethanol, tert-butanol, isopropanol, acetic acid or combinations thereof, most preferred representatives
are selected from the group consisting of water, ethanol, or a combination thereof.

[0028] In a particularly preferred embodiment, at least one polar solvent present in the composition is water.

[0029] Preferably the concentration of one solvent, preferably one polar solvent, is from 0.5 to 10 equivalents per mole
R1SiX,, preferably from 0.8 to 5 equivalents per mole R1SiX3, more preferably from 1 to 4 equivalents per mole R1SiX.
[0030] The composition of step (a) comprises in a further embodiment at least two polar solvents. When conducting
the reaction step (a), preferably at least one of the two polar solvents is water.

[0031] The molar ratio of silane to base and polar solvent, which is preferably water, can vary. Advantageous results
can be achieved when the process of the present invention is conducted so as the molar ratio of R'SiX; to base and
wateris 3-8 :1-7:0.5-10 equivalents per mole of the metal compound, preferably 5-7:2 -5 : 1 - 8 equivalents per
mole of the metal compound, more preferably 5 -6 : 3 -4 : 1 - 7 equivalents per mole of the metal compound, most
preferably 5-6: 3 -4 :5 -6 equivalents per mole of the metal compound.

[0032] When step (a) of the present invention is conducted with two polar solvents the concentration of these two
solvents can vary. Preferably the concentration of one polar solvent, preferably water, is 0.5 to 10 equivalents per mole
of the metal compound and the amount of at least one additional polar solvent, preferably an alcohol, most preferably
ethanol, is at least 10 equivalents per mole of the metal compound.

[0033] In a more preferred embodiment the concentration of one polar solvent is 1 to 8 equivalents per mole of the
metal compound and the concentration of an additional polar solvent is at least 15 equivalents per mole of the metal
compound.

[0034] In a most preferred embodiment the concentration of one polar solvent is 1 to 7 equivalents per mole of the
metal compound and the concentration of at least one additional polar solvent is at least 20 equivalents per mole of the
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metal compound.

[0035] In a particularly preferred embodiment the concentration of one polar solvent is 5 to 6 equivalents per mole of
the metal compound and the concentration of the additional polar solvent is at least 20 equivalents per mole of the metal
compound.

[0036] The reaction step (a) generally involves any base. In a preferred embodiment the base is selected from the
group consisting of metal hydroxides, metal alkoxides, metal alkyls, metal carboxylates, metal carbonates, metal si-
lanolates, quarternary ammonium derivatives, metal carbonates, conjugate bases of weak acids, carbonate salts of
organic cations, carbanions, metal amides, amines, alkanolamines, or combinations thereof.

[0037] Inamore preferred embodiment the base is selected from the group consisting of alkali metal hydroxides, alkali
metal alkoxides, alkali metal carboxylates or combinations thereof, preferably lithium hydroxide, lithium alkoxides, lithium
carboxylates, alkyllithium, alkenyllithium and aryllithium or combinations thereof. In yet another preferred embodiment
sodium hydroxide, sodium alkoxides, sodium carboxylates, alkylsodium, alkenylsodium and arylsodium or combinations
thereof can be used. Also a combination of lithium hydroxide and sodium hydroxide can be advantageous.

[0038] The base is most preferably lithium hydroxide, in particular lithium hydroxide monohydrate.

[0039] The amount of the base used in the process can vary. Preferably the concentration of the base is in the range
from 0.2 to 10 equivalents per mole R1SiX5. In a more preferred embodiment the concentration of the base is in the
range from 0.5 to 1 equivalents per mole R1SiX5. Most preferably the concentration of the base is in the range from 0.6
to 0.9 equivalents per mole R1SiX.

[0040] The silane can be added at any rate, but in a preferred embodiment the silane is added at such a rate so as
to maintain a constant reaction temperature. Generally the addition of the silane is conducted by cooling the composition
to at least 40 °C, preferably to at least 30 °C, most preferably to at least 10 °C before the metal compound is added.
[0041] Furthermore it was found that the silane can be added to a heated composition. Preferably the addition of the
silane is conducted by heating the composition to at least the boiling point of the solvent. In an even more preferred
embodiment the addition of the silane is conducted by heating the composition to at least 50 °C, preferably to at least
60 °C, most preferably to at least 70 °C.

[0042] The addition of at least one metal compound, herein also referred to as step (b) of the present invention, can
be conducted directly after the addition of the respective base. Step (b) preferably comprises heating the composition,
before the metal compound is added.

[0043] In the context of the present invention the metals (M) of the "metal compound" can preferably be selected from
main group metals, main group metalloids as well as transition metals or a combination thereof.

[0044] Suitable representatives of the metals (M) are selected from the metals of the main groups 13, 14, 15 or from
the metals of the subgroups 3., 4.,5.,6.,7.,,8.,9,10. and 11.

[0045] Preferred representatives of main group metals or metalloids are members selected from the main groups 13,
14, 15, 16 or 17 or combinations thereof, preferably selected from the metals or metalloids of the main groups 13, 14,
15 or 16 or combinations thereof, most preferably the metals or metalloids are selected from the group consisting of
boron, aluminium, gallium, indium, silicon, germanium, tin, antimony, bismuth, selenium, tellurium or combinations there-
of.

[0046] Inamore preferred embodimentthe metals (M) of the metal compound are selected from metals of the subgroups
3.,4.,5.,6.,7,8.,9,10. and 11. Preferred representatives of transition metals are selected from the group consisting
of titanium, zirconium, vanadium, chromium, molybdenum, manganese, iron, ruthenium, cobalt, nickel, copper, zinc or
combinations thereof.

[0047] In a most preferred embodiment the transition metal of the transition metal compound is a member selected
from the metals of subgroup 4, most preferably titanium.

[0048] Suitable counterions of the metal compound can be selected from the group consisting of alkoxides, halides
or oxides. In a most preferred embodiment the counterion is a halide, particularly chloride.

[0049] In a preferred embodiment step (b) can be conducted by heating the composition to at least a boiling point of
a solvent in the composition, preferably to at least 50 °C, before the metal compound is added. In a more preferred
embodiment the composition can be heated to at least 60 °C, before the metal compound is added. The composition is
heated most preferably to at least 70 °C, before the metal compound is added.

[0050] In an even more preferred embodiment step (b) of the present invention comprises heating or cooling the
composition before the metal compound is added. The composition can be cooled to at least 10 °C, preferably to at
least 0 °C, most preferably to at least -5 °C.

[0051] The metal compound can be added directly after heating the composition to a predetermined temperature as
described above. In a preferred embodiment step (b) can be conducted 1 to 24 h after the composition had been prepared.
In a more preferred embodiment the duration of step (a) is 2 to 20 h, before the metal compound is added to the
composition (step (b)).

[0052] In a further embodiment step (b) of the present invention can be conducted when a compound having the
general formula R;Si;Og(OH)3, R;Si;O9(OM1)5 or a combination thereof, is detectable in the reaction mixture. Various
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detection methods are used routinely in the art and are well known to the skilled person, particularly nuclear magnetic
resonance ("NMR") techniques can be used.

[0053] In a preferred embodiment M1is a member selected from the metals of the main groups 1., 2., or combinations
thereof, preferably M1 is a member of the metals of the main group 1 or combinations thereof.

[0054] When conducting step (b) of the present invention the metal compound can generally be added to the compo-
sition without adding a solvent. However in a preferred embodiment at least one solvent is added to the metal compound,
before the metal compound is added to the composition.

[0055] Inamore preferred embodiment said solvent is a non-polar solvent, more preferred representatives are selected
from the group consisting of hydrocarbons, aromatic hydrocarbons, tetrachloromethane, chloroform, alkoxyalkanes,
cyclic alkoxyalkanes, dialkoxyalkanes or combinations thereof, most preferred representatives are aromatic hydrocar-
bons, in particular toluene.

[0056] In a preferred embodiment the redox potential of said transition metal compound is below -1 V at pH 14.
[0057] Inamostpreferred embodiment step (b) of the present invention is conducted with a transition metal compound,
particularly with titanium tetrachloride.

[0058] In a preferred embodiment the resulting metallasilsesquioxane is having the formula R;Si;O,ML. In an even
more preferred embodiment of the present invention suitable representatives of L are selected from the group consisting
of hydroxides, alkoxides, iso-alkoxides, enolates, carboxylates, dihalomethanides, (alkoxy)methanides, keteniminates,
sulfinylmethanides, alkyl formamides, phenoxides or combinations thereof, preferably selected from the group consisting
of hydroxide, methoxide, ethoxide, isopropoxide, isobutoxide, acetone enolate, acetonitrile anion, phenoxide, or com-
binations thereof, most preferred are alkoxides, particularly ethoxide.

[0059] When conducting the process of the present invention, the work-up of the composition (step c - hereinafter also
referred to as the separation step), preferably comprises the separation of the metallasilsesquioxane, preferably having
the formula R;Si;O,ML, by any of the following separation methods: medium change, distillation, filtration, evaporation,
decantation, crystallization, pressure reduction, or extraction, or combinations thereof, preferably a medium change.
[0060] The medium change is particularly performed by transferring the metallasilsesquioxane into a carrier system.
Therewith a master batch can be provided.

[0061] Suitable representatives of carrier systems for example are, but are not limited to: natural or synthetic waxes,
natural or synthetic polymers, silanes, such as hardeners or adhesion promoters, plasticisers or combinations thereof.
Preferred are plasticisers, particularly silicone oils.

[0062] Most preferred carrier systems are such components, which also form parts of the final composition to which
the master batch comprising metallasilsesquioxanes can be added.

[0063] The separation of the metallasilsesquioxane from the composition can be improved when a polysiloxane com-
pound, preferably a trimethylsilyl terminated polydimethylsiloxane (e.g. WM from Dow C.), is added as a carrier system
to the reaction mixture. The medium change can be conducted after the metal compound was added to the composition.
In a preferred embodiment the addition of a polysiloxane compound is done before, during or after further purification
steps, such as distillation, evaporation or filtration.

[0064] The process of the present invention can be conducted in a more preferred embodiment by (a) preparing a
composistion containing at least one compound having the general formula R'SiX; with X being independently a halide,
OR2or NR3R%; and R', R2, and R3 and R* are each independently hydrogen, alkyl, cycloalkyl, alkenyl, aryl or heteroaryl;
a metal hydroxide; and a polar solvent (b) adding to said composition titanium tetrachloride and a non-polar solvent.
[0065] In a more preferred embodiment the process can be conducted for the synthesis of a titanasilsesquioxane
comprising the steps of: (a) preparing a composistion containing at least one compound having the general formula
R1Si(OR?),, wherein R' and R? are each independently alkyl or aryl, an alkali metal hydroxide and a polar solvent
selected from the group consisting of water, alkanols or iso-alkanols, or combinations thereof and; (b) adding to said
composition titanium tetrachloride and a non-polar solvent selected from the group consisting of hydrocarbons or aromatic
hydrocarbons, preferably toluene.

[0066] Inamostpreferred embodimentthe process of the presentinvention is used for the synthesis of a titanasilsesqui-
oxane comprising the steps of: (a) preparing a composistion containing iso-butyltrimethoxysilane (IBTMO), lithium hy-
droxide monohydrate, water and ethanol and; (b) adding to said composition titanium tetrachloride and toluene.

DEFINTIONS

[0067] "POSS" (i.e. polyhedral oligomeric silisesquioxanes), comprise organosilicic three dimensional compounds
with open or closed cage frameworks having different degrees of symmetry. These three dimensional polyhedral frame-
works are build up by at least two overlapping two-dimensional surfaces of atoms.

[0068] "Metal POSS" refers to POSS compounds incorporating at least one metal in their three dimensional open or
closed cage framework.

[0069] "one-pot" process or one stage process means for the pruposes of the present invention that the preparation
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of the product is accomplished, without any extraction and/or purification steps of intermediates.

[0070] The term "transition metal" refers to any element whose atom has a partially filled d or f sub-shell, or which can
give rise to cations with an inclomplete d or f sub-shell. It includes any element in the d-block of the periodic table i.e.
including groups 3 to 12 on the periodic table and the f-block lanthanide and actinide series.

[0071] The term "main group metal" refers to any metals that occur in the main groups 1, 2, 13, 14 or 15. Preferred
examples of main group metals include but are not limited to alkali metals (group 1), alkaline-earth metals (group 2),
aluminium (group 13), tin or lead (group 14), bismuth (group 15) or combinations thereof.

[0072] "Metalloid" is any chemical element with properties in between those of metals and nonmetals. The metalloids
are all located in the p-block of the standard periodic table. Preferred metalloids can be, but are not limited to boron,
carbon, silicon, germanium, arsenic, antimony, selenium, tellurium, polonium, astatine or combinations thereof. More
preferred examples of metalloids are boron, silicon, germanium, antimony, or combinations thereof.

[0073] "Plasticisers" are additives that influence the plasticity or viscosity of a material. They can be added to a
composition in order to alter the physical properties of the material. Suitable representatives of plasticisers are for
example high-boiling esters of polybasic acids, such as citrates, phtalates, phosphoric acid derivatives (phosphates),
particularly compounds of the formula O=P(OR)5 where R is alkyl, alkoxyalkyl, phenyl or phenylalkyl for example, iso-
propyl-phenyl, phosphonic acid derivatives, phosphites, substituted fatty acids, fumarates, glutamates; high-boiling pol-
yhydric alcohols, such as polyols, particularly glycols, polyglycols and glycerol, optionally terminally esterified; pentaer-
ythritols; sulphonic acid derivatives, such as toluenesulphonamide; epoxy derivatives including epoxidised natural oils,
such as the compounds of formula CH5 --(CH,)n --A--(CH,)n --R in which the A is an alkene containing one or more
double bonds (i.e. unsaturated fatty acids), nis up to 25 and R is C2-15 alkyl, epoxidised esters of fatty acids, epoxidised
soya bean oil, epoxidised linseed oils, epoxidised octyl tallate, epoxidised glycololeate; ricinoleates; adipates; chlorinated
paraffins; polyesters, including polycaprolactone triol; polymeric esters; glutaric polyesters; adipic polyesters; succinic
polyesters; silicone oils; mixtures of linear, branched or cyclic saturated hydrocarbons, having nine or more carbon
atoms, particularly mineral oils; or combinations thereof.

[0074] A "master batch" is a solid or liquid composition which is suitable to be added to a natural or synthetic plastic
composition. In the present invention the master batch comprises at least one metallasilsesquioxane, which is preferably
present as a suspension and/or solution. The metallasilsesquioxane particularly can be used as a catalyst for curing
natural or synthetic plastics. Hence the master batch - i.e. the composition resulting from step c) - preferably is an additive
for curable plastic compositions. In a most preferred embodiment the master batch does not need any further modification
and can directly be used as an additive. Preferably the carrier material of the master batch is compatible with the curable
plastic.

[0075] It should be noted that, as used in the specification and the appended claims, the singular forms "a," "an," "the,"
include plural referents unless the context clearly dictates otherwise.

[0076] The term "alkyl" refers to straight or branched hydrocarbon radicals, such as methyl, ethyl, n-propyl, iso-propyl,
n-butyl, iso-butyl, t-butyl, pentyl, sec-pentyl, hexyl, heptyl, octyl, decyl, tetradecyl, hexadecyl, eicosyl, tetracosyl, and the
like. Alkyl groups can either be unsubstituted or can be stubstituted with one or more substituents, like halogen, alkoxy,
aryl, arylalkyl, aralkoxy, and the like. Preferred are straight or branched C1 - C10 hydrocarbon radicals, such as methyl,
ethyl, n-propyl, iso-propyl, n-butyl, iso-butyl, t-butyl, pentyl, sec-pentyl, hexyl, heptyl, octyl, decyl. More preferred are
straight or branched C1 - C8 hydrocarbon radicals, such as methyl, ethyl, n-propyl, iso-propyl, n-butyl, iso-butyl, t-butyl,
pentyl, sec-pentyl, hexyl, heptyl, octyl.

[0077] A "cycloalkyl" group is a non-aromatic carbon-based ring composed of at least three carbon atoms. Examples
of cycloalkyl groups include, but are not limited to, cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, and the like. Cycloalkyl
also refers to "heterocycloalkyl" groups in which at least one of the carbon atoms of the ring is substituted with a
heteroatom such as, but not limited to, nitrogen, oxygen, sulfur or phosphorus.

[0078] "Alkenyl" groups or alkenyl radicals are unsaturated compounds containing at least one carbon-carbon double
bond and may be linear, branched or cyclic. Alkenyl groups include, but are not limited to, ethenyl, propenyl, butadienyl,
butenyl, cyclohexenyl, vinyl, allyl, and the like. They can be substituted or unsubstituted. If substituted, substituents can
include, for example, alkyl, alkenyl, alkynyl, aryl, halide, nitro, amino, ester, ketone, aldehyde, hydroxyl, carboxyclic acid,
or alkoxy substitutents or combinations thereof.

[0079] "Alkynyle" groups or alkynyl radicals contain at least one triple bond between two carbon-carbon atoms and
include groups such as, for example, ethynyl, propynyl, butynyl, and the like.

[0080] The term "aryl" or "aromatic" refers to a carbon based group that features a delocalized conjugated p electron
system with 4n + 2 p electrons and a coplanar ring structure, wherein n is 0 or a non negative integer. Aromatic groups
include benzene, cyclopentadiene (Cp), naphthalene, and the like. The aryl group can be substituted or unsubstituted.
If substituted, substituents can include, for example, alkyl, alkynyl, elkenyl, aryl, halide, nitro, amino, ester, ketone,
aldehyde, hydroxyl, carboxyclic acid, or alkoxy substituents or combinations thereof.

[0081] "Heteroaryl" groups are defined as aromatic groups having at least one heteroatom incorporated within the ring
structure. Examples of heteroatoms include but are not limited to, nitrogen, oxygen, sulfur, and phosphorus.
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[0082] "Ethers" as used herein are organic compounds containing at least one oxygen atom between two carbon
atoms. The ethers may be substituted or unsubstituted.

[0083] "Ketones" as used herein are organic compounds containing a carbonyl group bonded to two other carbon
atoms. "Ketons" also includes diketones and caclic ketones, as well as substituted ketones.

[0084] "Carboxylic acids" as used herein are organic acids characterized by the presence of at least one carboxyl
group. Carboxylic acids can be aliphatic or aromatic and may contain substituted or unsubstituted carbons in addition
to the carboxyl group. Substitutents can include halogens, alkyl groups, alkenyl groups, alkynyl groups, nitro groups,
and combinations thereof. In some aspects, the carboxylic acids include dicarboxylic or tricarboxylic acids, such as, for
example, formic acid, acetic acid, chloroacetic acid, dichloroacetic acid, trichloroacetic acid, oxalic acid, benzoic acid,
propionic acid, butanoic acid, valeric acid, caproic acid, enanthic acid, caprylic acid, pelargonic acid, capric acid, lauric
acid, myristic acid, palmitic acid, stearic acid, arachidic acid, malic acid, pyruvid acid, niacin, citric acid, succinic acid.
[0085] "Alkoxy" means an alkyl group, which is connected to the main chain of the molecule by an oxygen atom. The
alkyl of "alkoxy" is the same as above "alkyl", and "alkoxy" includes, for example, methoxy, ethoxy, n-propoxy, iso-
propoxy, n-butoxy, iso-butoxy, tert-butoxy, preferred is methoxy.

[0086] “alkoxyalkyl"meansthe above "alkyl" substituted with the above "alkoxy", including for example, methoxymethyl,
ethoxymethyl, n-propoxymethyl, iso-propoxymethyl, n-butoxymethyl, iso-butoxymethyl, tert-butoxymethyl, methoxyethyl,
ethoxyethyl, n-propoxyethyl, isopropoxyethyl, n-butoxyethyl, iso-butoxyethyl, tert-butoxyethyl.

[0087] The term "halide" means a member of the seventh group of the periodic table, such as, fluorine (F), chlorine
(CI), bromine (Br), iodine (1), astatine (At), ununseptium (Uus), preferably chlorine (Cl), bromine (Br) or iodine (l). "halide"
also includes a member of the seventh group of the periodic table as a substitutent or radical, for example, fluoride,
chloride, bromide, iodide and the like.

[0088] The term "polysiloxanes" or silicones refers to oligomeric or polymeric compounds comprising a silicon-oxygen
(Si-O) backbone, having the formula (R,SiO),, with organic groups, such as methyl groups, attached to the silicon atoms.

EXAMPLES
Example 1 (general procedure)

[0089] One pot synthesis of metallasilsesquioxanes using consecutive addition of a metal halide and water. A silane
was added dropwise to metal hydroxide and water in a polar solvent, preferably alkanols at a predetermined temperature.
The reaction mixture was heated at reflux for a predetermined amount of time. After cooling the reaction mixture, a
transition metal halide in a non-polar solvent was added. After stirring the mixture for a certrain amount of time at a
predetermined temperature, water was added. The organic layer was isolated. Isolation can be conducted by addition
of asolventor a predetermined amountof a polysiloxane compound, followed by further isolation steps, such as distillation,
filtration, evaporation, decantation, crystallization, pressure reduction, extraction, or combinations thereof.

Example 2 (general procedure)

[0090] One pot synthesis of titanasilsesquioxanes using consecutive addition of titanium halide and water. Alkyl tri-
alkoysilane was added dropwise to alkali hydroxide and water in ethanol at a predetermined temperature. The reaction
mixture was heated at reflux for a predetermined amount of time. After cooling the reaction mixture, a titanium halide in
toluene was added. After stirring the mixture for a certrain amount of time at a predetermined temperature, water was
added. The organic layer was isolated. Isolation can be conducted by addition of a solvent or a predetermined amount
of a polysiloxane compound, followed by further isolation steps, such as distillation, filtration, evaporation, decantation,
crystallization, pressure reduction, extraction, or combinations thereof.

Example 3

[0091] One pot synthesis of (iBuhSi;O4,TiOEt using consecutive addition of titanium tetrachloride and water. Isobutyl
trimethoxysilane (111 g, 622 mmol) was added dropwise to LiOH * H,O (19.6 g, 466 mmol) and water (4.15 mL, 230
mmol) in ethanol (150 mL) at reflux. The reaction mixture was heated at reflux for 2 - 16 h (Time 1). After cooling to O -
10 °C, TiCl, (22.3 g, 114 mmol) in 200 mL of toluene was added. After stirring the mixture for 2 - 16 h (Time 2) at 20 °C
- 30 °C, water (50 g, 2.3 mol) was added. The organic layer was isolated and combined with 200 mL of ethanol. Upon
prolonged standing at -20 - 20 °C (iBu),Si;O,TIOET precipitated as an ethanol adduct in 50 - 71% yield. Alternatively,
evaporation to dryness of the organic layer, combined with 200 mL of ethanol, afforded (iBu);Si;O1,TiIOET as an ethanol
adduct in approximately quantitative yield. See table 1 for various experimental conditions.
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Table 1: Yield of (iBu);Si;0,,TiOEt as a function of time

time 1 [h] | time 2 [h] | separation of layers | organic layer | yield[g]
1 4:30 16 good bottom 38.5
2 2 16 good bottom 40.0
3 18:30 2 poor top 42.0
4 2:20 2 good bottom 28.4
5 16 16 good bottom 54.5

Example 4

[0092] One pot synthesis of (iBu);Si;O4,TIOET using consecutive addition of titanium tetrachloride, water and polysi-
loxanes (silicones). Isobutyl trimethoxysilane (167 g, 938 mmol) was added dropwise to LiOH * H,0O (29.45 g, 702 mmol)
and water (6.3 mL, 347 mmol) in ethanol (225 mL) at room temperature. The reaction mixture was heated at reflux for
7 h. After cooling to 5 °C, TiCl, (33.45 g, 176 mmol) in 300 mL of toluene was added. After stirring the mixture for 7 h
at 20 °C - 30 °C, water (75 mL, 4.16 mol) was added. Isolation by vacuum distillation (215 mbar, 30 °C) and precipitation
of the product by addition of polydimethylsiloxane fluid (120.0 g WM from Dow C.) afforded (iBuhSi;O,TiOEt (72.0 g,
81.7 mmol) in 46% yield. Alternatively, evaporation to dryness of the organic layer, combined with 200 mL of ethanol,
afforded (iBuhSi;O4,TiOEt as an ethanol adduct in approximately quantitative yield.

Example 5

[0093] One pot synthesis of (CgH47);Si;O4,TiIOEt using consecutive addition of titanium tetrachloride and water. N-
Octyltrimethoxysilane (164.4 g, 701 mmol) was added dropwise to LiOH * H,0 (22.0 g, 524.6 mmol) and water (4.7 mL,
260 mmol) in ethanol (225 mL) at room temperature. The reaction mixture was heated at reflux for 16 h. After cooling
to 0 °C, TiCl, in (25.0 g, 132 mmol) in 230 mL toluene was added. After stirring the mixture for 16 h at room temperature,
water (56 mL, 3.1 mol) was added.

[0094] Separation of the organic layer and isolation by distillation at reduced pressure (150 mbar, 32 °C) afforded
(CgH47)7Si;04,TIOEt (120,2 g, 94,2 mmol) in 71% yield.

Example 6

[0095] One pot synthesis of (iBu);Si;O4,TiO-iPr. Isobutyl trimethoxysilane was added dropwise to LiOH * H,O and
water in isopropanol (300 mL) at reflux. The reaction mixture was heated at reflux for 16 h. After cooling to 0 - 10 °C,
TiCl, in 200 mL of toluene was added. After stirring the mixture for 8 h at 20 °C - 30 °C, water (50 g, 2.3 mol) was added.
The organic layer was isolated, washed with water and combined with isopropanol.

[0096] Upon prolonged standing at 20 °C (iBu),Si;O4,TiO-iPr precipitated as an isopropanol adduct in 65% yield.
[0097] Alternatively, evaporation to dryness of the organic layer, combined with ethanol, afforded (iBu);Si;O,,TiOEt
as an ethanol adduct in approximately quantitative yield.

PARTICULARLY PREFERRED EMBODIMENTS

Embodiment 1:

[0098] A process for the synthesis of a metallasilsesquioxane comprising the steps of

a. preparing a composition containing

- atleast one silane compound having the general formula R1SiX; with
X being independently a halide, OR2 or NR3R#4; and

R1,R2, R3and R4 are each independently hydrogen, alkyl, cycloalkyl, alkenyl, alkynyl, aryl or heteroaryl, and

- atleast one base, and
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b. adding to said composition at least one compound comprising at least one transition metal, main group metal or
metalloid and atleast one counterion, preferably selected from the group of alkoxides, halides, oxides or combinations
thereof.

Embodiment 2

[0099] The process according to embodiment 1, wherein the synthesis of a metallasilsesquioxane comprises the steps
of:

a. preparing a composition containing
- atleast one silane compound having the general formula R'Si(OR2)5; and
R', RZ are each independently hydrogen, alkyl, cycloalkyl, alkenyl, alkynyl, aryl or heteroaryl, and

- atleast one base, and

b. adding to said composition at least one transition metal halide.
Embodiment 3
[0100] The process according to embodiment 1 or 2, wherein the process is a one-pot process.
Embodiment 4

[0101] The process according to any of the preceding embodiments, wherein the composition comprises at least one
solvent, preferably at least one polar solvent, more preferably at least one polar protic solvent.

Embodiment 5

[0102] The process according to embodiment 5, wherein the solvent is preferably selected from the group consisting
of water, alkanols, iso-alkanols, ketones, carboxylic acids, dihalomethanes, alkyl ethers, alkyl nitriles, sulfoxides, alkyl
formamides, phenols or combinations thereof, preferably selected from the group consisting of water, alkanols, iso-
alkanols, carboxylic acids or combinations thereof, more preferably selected from the group consisting of water, ethanol,
tert-butanol, iso-propanol, acetic acid or combinations thereof, most preferably selected from the group consisting of
water, ethanol, or a combination thereof.

Embodiment 6

[0103] The process according to embodiments 4 or 5, wherein the composition comprises at least two polar solvents.
Embodiment 7

[0104] The process according to embodiment 6, wherein at least one of the two polar solvents is water.

Embodiment 8

[0105] The process according to any preceding embodiments 4 to 7, wherein at least one solvent present in the
composition is water.

Embodiment 9

[0106] The process according to embodiment 8, wherein the molar ratio of R1SiX;, to base and wateris 3-8 :1-7:
0.5 - 10 equivalents per mole of the metal compound, preferably 5 -7 :2 - 5: 1 - 8 equivalents per mole of the metal
compound, more preferably 5 -6: 3 -4 : 1 -7 equivalents per mole of the metal compound, most preferably 5-6: 3 -
4 : 5 - 6 equivalents per mole of the metal compound.
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Embodiment 10

[0107] The process according to any of the preceding embodiments, wherein R! and R2 are independently alkyl or
aryl, preferably methyl, ethyl, iso-propyl, iso-butyl, hexyl, heptyl, octyl or phenyl.

Embodiment 11

[0108] The process according to any of the preceding embodiments, wherein R1Si(OR?), is iso-propyltrimethoxysilane,
iso-propyltriethoxysilane iso-butyltrimethoxysilane (IBTMO), iso-butyltriethoxysilane, hexyltrimethoxysilane, hexyltri-
ethoxysilane, octyltrimethoxysilan, octyltriethoxysilane, phenyltrimethoxysilane or phenyltriethoxysilane, preferably iso-
butyltrimethoxysilane or octyltrimethoxysilane.

Embodiment 12

[0109] The process according to any of the preceding embodiments, wherein the composition is prepared with a
concentration of the base from 0.2 to 10 equivalents per mole R1SiX;, preferably from 0.5 to 1 equivalents per mole
R1SiX;, more preferably from 0.6 to 0.9 equivalents per mole R1SiX.

Embodiment 13

[0110] The process according to any of the preceding embodiments, wherein the composition is prepared with a
concentration of at least one solvent from 0.5 to 10 equivalents per mole R1SiX, preferably from 0.8 to 5 equivalents
per mole R'SiX,, more preferably from 0.9 to 3 equivalents per mole R1SiXj.

Embodiment 14

[0111] The process according to any of the preceding embodiments 6 to 13, wherein the composition is prepared with
a concentration of one polar solvent from 0.5 to 10 equivalents per mole of the metal compound and a concentration of
at least one further polar solvent of at least 10 equivalents per mole of the metal compound.

Embodiment 15

[0112] The process according to embodiment 14, wherein the concentration of one polar solvent is from 1 to 8 equiv-
alents per mole of the metal compound and the concentration of at least one further polar solvent is of at least 15
equivalents per mole of the metal compound.

Embodiment 16

[0113] The process according to embodiment 15, wherein the concentration of one polar solvent is from 1 to 7 equiv-
alents per mole of the metal compound and the concentration of at least one further polar solvent is at least 20 equivalents
per mole of the metal compound.

Embodiment 17

[0114] The process according to embodiment 16, wherein the concentration of one polar solvent is from 5 to 6 equiv-
alents per mole of the metal compound and the concentration of at least one further polar solvent is at least 20 equivalents
per mole of the metal compound.

Embodiment 18

[0115] The process according to any of the preceding embodiments, wherein the redox potential of said transition
metal compound is below-1V at pH 14.

Embodiment 19
[0116] The process according to any of the preceding embodiments, wherein the composition is heated to at least a

boiling point of any solvent in the composition, preferably the composition is heated to at least 50 °C, preferably to at
least 60 °C, most preferably to at least 70 °C, before the metal compound is added.

10
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Embodiment 20

[0117] The process according to any of the preceding embodiments, wherein the at least one metal compound is
added to the composition when a silane compound having the general formula R;Si;Og(OH)3, R;Si;Og(OM™)5 or a
combination thereof, is detectable in the reaction mixture.

Embodiment 21

[0118] The process according to embodiment 20, wherein M is a member selected from the metals of the main groups
1., 2., or combinations thereof, preferably M! is a member selected from the metals of the main group 1 or a combination
thereof.

Embodiment 22

[0119] The process according to any of the preceding embodiments, wherein the at least one metal compound is
added to the composition 1 to 24 h, preferably 2 to 20 h after the composition had been prepared.

Embodiment 23

[0120] The process according to any of the preceding embodiments, wherein step (a) comprises cooling of the com-
position to atleast40 °C, preferably to atleast 30 °C, most preferably to atleast 10 °C before the metal compoundis added.

Embodiment 24

[0121] The process according to any of the preceding embodiments, wherein step (b) comprises cooling the compo-
sition or heating the composition before the metal compound is added.

Embodiment 25

[0122] The process according to any of the preceding embodiments, wherein step (b) comprises cooling the compo-
sition to at least 10 °C, preferably to at least 0 °C, most preferably to at least -5°C.

Embodiment 26

[0123] The process according to any of the preceding embodiments, wherein the base is selected from the group
consisting of metal hydroxides, metal alkoxides, metal alkyls, metal carboxylates, metal carbonates, metal silanolates,
quarternary ammonium derivatives, conjugate bases of weak acids, carbonate salts of organic cations, carbanions,
metal amides, amines, alkanolamines, or combinations thereof.

Embodiment 27

[0124] The process according to any of the preceding embodiments, wherein the base is selected from the group
consisting of alkali metal hydroxides, alkali metal alkoxides, alkali metal carboxylates or combinations thereof, preferably
lithium hydroxide, sodium hydroxide, lithium alkoxide, sodium alkoxide, lithium carboxylate, sodium carboxylate, alkyl-
lithium, alkylsodium, alkenyllithium, alkenylsodium, aryllithium and arylsodium or combinations thereof.

Embodiment 28

[0125] The process according to any of the preceding embodiments, wherein the base is lithium hydroxide, preferably
lithium hydroxide monohydrate.

Embodiment 29

[0126] The process according to any of the preceding embodiments, wherein the main group metal or metalloid of the
at least one main group metal or metalloid compound is a member selected from the main groups 13, 14, 15, 16 or 17
or combinations thereof, preferably selected from the metals or metalloids of the main groups 13, 14, 15 or 16 or
combinations thereof, most preferably the metals or metalloids are selected from the group consisting of boron, aluminium,
gallium, indium, silicon, germanium, tin, antimony, bismuth, selenium, tellurium or combinations thereof.
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Embodiment 30
[0127] The process according to any of the preceding embodiments, wherein the transition metal (M) of the transition
metal compound is a member selected from the metals of the subgroups 3., 4., 5., 6., 7., 8., 9, 10. and 11., preferably
the transition metal is a member selected from the metals of subgroup 4.

Embodiment 31

[0128] The process according to any of the preceding embodiments, wherein the metal compound comprises main
group metals, main group metalloids, transition metals or a combination thereof.

Embodiment 32

[0129] The process according to any of the preceding embodiments, wherein the transition metal compound is titanium
tetrachloride.

Embodiment 33

[0130] The process according to any of the preceding embodiments, wherein at least one metallasilsesquioxane is
having the formula R;Si;O4,ML.

Embodiment 34

[0131] The process according to any of the preceding embodiments, wherein L is selected from the group consisting
of hydroxides, alkoxides, iso-alkoxides, enolates, carboxylates, dihalomethanides, (alkoxy)methanides, keteniminates,
sulfinylmethanides, alkyl formamides, phenoxides, preferably selected from the group consisting of hydroxides, ethox-
ides, isopropoxides, acetone enolates, acetonitrile anions, phenoxides, or combinations thereof.

Embodiment 35

[0132] The process according to any of the preceding embodiments, wherein at least one solvent is added to the metal
compound, before the metal compound is added to the composition.

Embodiment 36

[0133] The process according to embodiment 32, wherein said solvent is a non-polar solvent, preferably selected from
the group consisting of hydrocarbons, aromatic hydrocarbons, tetrachloromethane, chloroform, alkoxyalkanes, cyclic
alkoxyalkanes, dialkoxyalkanes, preferably selected from the group consisting of hydrocarbons or aromatic hydrocarbons
or combinations thereof.

Embodiment 37

[0134] A process for the synthesis of a titanasilsesquioxane comprising the steps of:

a. preparing a composistion containing

at least one silane compound having the general formula R'SiX5 with X are each independently a halide, OR2
or NR3R# and

R', R2, and R3 and R4 are each independently hydrogen, alkyl, cycloalkyl, alkenyl, aryl or heteroaryl

a metal hydroxide and
a polar solvent

b. adding to said composition titanium halide and a non-polar solvent.
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Embodiment 38
[0135] A process for the synthesis of a titanasilsesquioxane comprising the steps of:

a. preparing a composistion containing

at least one silane compound having the general formula R'SiX5 with X are each independently a halide, OR2
or NR3R#4 and

R1, R2, and R3 and R# are each independently hydrogen, alkyl, cycloalkyl, alkenyl, aryl or heteroaryl

a metal hydroxide and
a polar solvent

b. adding to said composition titanium halide.
Embodiment 39
[0136] A process for the synthesis of a metallasilsesquioxane comprising the steps of:

a. preparing a composistion containing

at least one silane compound, having the general formula R1Si(OR2),,

wherein R and R2 are each independently alkyl or aryl, preferably the silane compound is iso-propyltri-
methoxysilane, iso-propyltriethoxysilane iso-butyltrimethoxysilane (IBTMO), iso-butyltriethoxysilane, hex-
yltrimethoxysilane, hexyltriethoxysilane, octyltrimethoxysilan, octyltriethoxysilane, phenyltrimethoxysilane
or phenyltriethoxysilane;

an alkali metal hydroxide and
a polar solvent and;

b. adding to said composition a transition metal halide and a non-polar solvent.
Embodiment 40
[0137] A process for the synthesis of a titanasilsesquioxane comprising the steps of:
a. preparing a composistion containing
- atleast one silane compound, having the general formula R1Si(OR2),,
wherein R! and R2 are each independently alkyl or aryl,

- an alkali metal hydroxide and;
- apolarsolventselected from the group consisting of water, alkanols oriso-alkanols, or combinations thereof, and

b. adding to said composition titanium tetrachloride and a non-polar solvent selected from the group consisting of
hydrocarbons or aromatic hydrocarbons.

Embodiment 41
[0138] A process for the synthesis of a titanasilsesquioxane comprising the steps of:
a. preparing a composistion containing isobutyltrimethoxysilane (IBTMO), lithium hydroxide monohydrate, water

and ethanol and;
b. adding to said composition titanium tetrachloride and toluene.

13
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Embodiment 42
[0139] The process according to any of the preceding embodiments, wherein the metallasilsesquioxane is separated
from the composition (step ¢) by medium change, distillation, filtration, evaporation, decantation, crystallization, pressure
reduction, extraction, or combinations thereof, preferably medium change.
Embodiment 43
[0140] The process according to any of the preceding embodiments, wherein the metallasilsesquioxane having the
formula R7Si7012M is separated (step c) by medium change, distillation, filtration, evaporation, decantation, crystalli-
zation, pressure reduction, extraction, or combinations thereof, preferably by medium change.

Embodiment 44

[0141] The process according to any of the preceding embodiments, wherein (step c) is conducted by transferring
said metallasilsesquioxane into a carrier system.

Embodiment 45
[0142] The process according to any of the preceding embodiments, wherein the carrier system is selected from a
group consisting of natural or synthetic waxes, natural or synthetic polymers, plasticisers or combinations thereof, pref-
erably the carrier system are selected from a group consisting of plasticisers, particularly silicone oils.
Claims
1. A process for the synthesis of a metallasilsesquioxane comprising the steps of

a. preparing a composition containing

- at least one silane compound having the general formula R1SiX5 with
X being independently a halide, OR2 or NR3R#4; and

R1, R2, R3and R4 are each independently hydrogen, alkyl, cycloalkyl, alkenyl, alkynyl, aryl or heteroaryl,
and

- at least one base, and
b. adding to said composition at least one compound comprising at least one transition metal, main group metal
or metalloid and at least one counterion, preferably selected from the group of alkoxides, halides, oxides or
combinations thereof.

2. The process according to claim 1, wherein the synthesis of a metallasilsesquioxane comprises the steps of:

a. preparing a composition containing

- at least one silane compound having the general formula R1Si(OR2),; and

R', RZ are each independently hydrogen, alkyl, cycloalkyl, alkenyl, alkynyl, aryl or heteroaryl, and

- at least one base, and

b. adding to said composition at least one transition metal halide.

3. The process according to claim 1 or 2, wherein the process is a one-pot process.

4. The process according to any of the preceding claims, wherein the composition further comprises at least one
solvent preferably at least one polar solvent, more preferably at least one polar protic solvent.

14
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The process according to claim 4, wherein the solvent is preferably selected from the group consisting of water,
alkanols, iso-alkanols, ketones, carboxylic acids, dihalomethanes, alkyl ethers, alkyl nitriles, sulfoxides, alkyl for-
mamides, phenols or combinations thereof, preferably selected from the group consisting of water, alkanols, iso-
alkanols, carboxylic acids or combinations thereof, more preferably selected from the group consisting of water,
ethanol, tert-butanol, iso-propanol, acetic acid or combinations thereof, most preferably selected from the group
consisting of water, ethanol, or a combination thereof.

The process according to any of the preceding claims 4 or 5, wherein at least one solvent present in the composition
is water.

The process according to claim 6, wherein the molar ratio of R1SiX3, to base and wateris3-8:1-7:0.5-10
equivalents per mole of the metal compound, preferably 5 - 7: 2 - 5: 1 - 8 equivalents per mole of the metal
compound, more preferably 5-6:3 -4 : 1-7 equivalents per mole of the metal compound, most preferably 5 - 6 :
3-4:5-6 equivalents per mole of the metal compound.

The process according to any of the preceding claims, wherein R1Si(OR?2) is iso-propyltrimethoxysilane, iso-pro-
pyltriethoxysilane, iso-butyltrimethoxysilane (IBTMO), iso-butyltriethoxysilane, hexyltrimethoxysilane, hexyltriethox-

ysilane, octyltrimethoxysilane, octyltriethoxysilane, phenyltrimethoxysilane or phenyltriethoxysilane.

The process according to any of the preceding claims, wherein the redox potential of said transition metal compound
is below -1V at pH 14.

. The process according to any of the preceding claims, wherein step (b) comprises cooling the composition or heating
the composition before the metal compound is added.

. The process according to any of the preceding claims, wherein the base is selected from the group consisting of
alkali metal hydroxides, alkali metal alkoxides, alkali metal carboxylates or combinations thereof, preferably lithium
hydroxide, sodium hydroxide, lithium alkoxide, sodium alkoxide, lithium carboxylate, sodium carboxylate, alkyllithium,
alkylsodium, alkenyllithium, alkenylsodium, aryllithium and arylsodium or combinations thereof.

. The process according to any of the preceding claims, wherein the base is lithium hydroxide, preferably lithiumhy-
droxide monohydrate.

. The process according to any of the preceding claims, wherein the transition metal (M) of the transition metal
compound is a member selected from the metals of the subgroups 3., 4., 5.,6.,7., 8., 9, 10. and 11., preferably the
transition metal (M) is a member selected from the metals of subgroup 4.

. The process according to any of the preceding claims, wherein the transition metal compound is titanium tetrachloride.

. A process for the synthesis of a titanasilsesquioxane comprising the steps of:

a. preparing a composistion containing

- at least one silane compound having the general formula R1SiX5 with

X are each independently a halide, ORZ or NR3R#4 and
R1, R2, and R3 and R# are each independently hydrogen, alkyl, cycloalkyl, alkenyl, aryl or heteroaryl

- a metal hydroxide and
- a polar solvent

b. adding to said composition titanium halide.
. A process for the synthesis of a titanasilsesquioxane comprising the steps of:
a. preparing a composistion containing isobutyltrimethoxysilane (IBTMO), lithium hydroxide monohydrate, water

and ethanol and;
b. adding to said composition titanium tetrachloride and toluene.
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17. The process according to any of the preceding claims, wherein the metallasilsesquioxane is separated from the
composition (step c) by medium change, distillation, filtration, evaporation, decantation, crystallization, pressure

reduction, extraction, or combinations thereof, preferably medium change.

18. The process according to any of the preceding claims, wherein (step c) is conducted by transferring said metallasi-
Isesquioxane into a carrier system, in particular for providing a master batch.

16
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